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Introduction
Biomass is material derived from living or recently living 
organisms and is a potential source of energy with very 
VSHFL¿F SURSHUWLHV %LRPDVV KDV JUHDW SRWHQWLDO WR UHSODFH
IRVVLOIXHOVLQHQHUJ\V\VWHPVRIIHULQJHQYLURQPHQWDOEHQH¿WV
GXH WR LWV FDUERQ QHXWUDOLW\ DQG UHQHZDELOLW\ +RZHYHU WKH
¿ULQJDQGFR¿ULQJRIELRPDVVFDQOHDGWRSUREOHPVVXFKDV
slagging, fouling and metal corrosion, due to its high chlorine, 
SRWDVVLXP DQG VRGLXP FRQWHQW 'XULQJ WKHUPRFKHPLFDO
conversion, the alkali species can be released from biomass 
through vaporization; the gaseous species can react further or 
XQGHUJRSK\VLFDOWUDQVIRUPDWLRQVWRHLWKHUFRQGHQVHRQÀ\DVK
or form aerosols, which can further deposit on heat transfer 
surfaces and lead to complex metal reactions [1] resulting in 
corrosion on these surfaces due to the interaction between the 
DONDOLVSHFLHVDQGPHWDOV
Ash related slagging and fouling remains a major technical 
FKDOOHQJHLQWKHWKHUPRFKHPLFDOFRQYHUVLRQRIELRPDVV%HWWHU
understanding of the release behavior of alkali metal species is 
FUXFLDOWRRYHUFRPHWKHVHSUREOHPV&RQVHTXHQWO\WKHUHKDYH
been several studies to determine the yield and release rate of 
DONDOLPHWDOVHVSHFLDOO\SRWDVVLXP>@*HQHUDOO\SRWDVVLXP
LVDQHVVHQWLDOPDFURQXWULHQW IRUJURZLQJSODQWVHVSHFLDOO\





DQG LQÀXHQFH RI SRWDVVLXP DUH PRUH FRPPRQ WKDQ WKRVH RI
VRGLXP>@,QFRQVHTXHQFHWKLVSDSHUFRQVLGHUVSRWDVVLXPDV
representative alkali metals and its release behavior during the 
ELRPDVVWKHUPDOFRQYHUVLRQVZLOOEHUHYLHZHG
Release of Alkali Metals
Alkali metals in biomass mainly exist in three forms: 










RI ERXQGHG SRWDVVLXP DUH FRQVLGHUHG VWDEOH DQG QRQ
volatile during thermal conversion, so the study of release 
RI SRWDVVLXP IRFXVHV RQ WKH RUJDQLF DQG LQRUJDQLF IRUPV
'XULQJ GHYRODWLOL]DWLRQ RUJDQLF DONDOL PHWDOV DQG ORRVHO\
bonded free ions are primarily released at relatively low 
temperatures, while the release of more strongly bonded 
DONDOL PHWDOV UHTXLUHV D KLJKHU WHPSHUDWXUH WKDW QRUPDOO\
RFFXUV DW WKH FKDU R[LGDWLRQ VWDJH >@ 7KH RFFXUUHQFH RI
chemical reactions and phase transformations of alkali 
metals in the different stages depends on the temperatures of 





amount of potassium is released, mainly in elemental form 
DW WKH HDUO\ VWDJH RI GHYRODWLOL]DWLRQ 'XULQJ GHYRODWLOL]DWLRQ
SRWDVVLXP LV PDLQO\ UHOHDVHG DV .&O ZKLOH WKH DPRXQW






the common potassium species released from biomass during 
thermochemical conversation [16]; also, the potassium most 




Biomass combustion can be described as an initial pyrolysis (to 
SURGXFH JDVHRXV OLTXLG SURGXFWV DQG FKDU IROORZHG E\ FKDU
R[LGDWLRQ 3\URO\VLV GLFWDWHV WKH TXDQWLW\ DQG W\SH RI DONDOL
PHWDOV WREHGLVWULEXWHGLQWRVROLG OLTXLGDQGJDVSKDVHV7KH
release of potassium into the vapor phase during biomass 
S\URO\VLV KDSSHQV LQ WZR VWDJHV >@ 7KH ¿UVW VWDJH RFFXUV
DWWHPSHUDWXUHVLQUDQJHRI.WR.GXULQJZKLFKWKH
release of potassium accompanies the evaporation of volatiles 
during biomass pyrolysis and is independent of the chlorine 
Biomass has great potential to become an economic source of renewable energy; however, its 
high chlorine and alkali metal content may cause series problems (e.g. slagging and corrosion) 
thus limiting its utilization. This paper reviews the release of potassium during biomass thermal 
FRQYHUVLRQ2UJDQLFSRWDVVLXPLVUHOHDVHG¿UVWZKHQWKHWHPSHUDWXUHLVUHODWLYHO\ORZVWDUWLQJDW
about 473 K and slowing down at about 773 K; the release of inorganic potassium occurs with the 





. In addition to the temperature, the properties of biomass feedstock, fuel-air ratio, 
SUHVVXUHDQGKHDWLQJUDWHDOVR VLJQL¿FDQWO\ LQÀXHQFH WKHUHOHDVHUDWHRIDONDOLPHWDOV)XWXUH
studies are required to develop accurate kinetic models of potassium release to address the ash 
UHODWHGFKDOOHQJHVZKHQ¿ULQJDQGFR¿ULQJELRPDVVZLWKKLJKLQKHUHQWDONDOLFRQWHQW
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second stage, the potassium release is highly dependent on the 
FKORULQHFRQWHQWDQGWKHLQRUJDQLFSRWDVVLXP.&ODQG.2+LV
YDSRUL]HGLQWRDYDSRUSKDVHDVLOOXVWUDWHGLQ)LJXUH
Figure 1 depicts a reaction mechanism for the release of 
SRWDVVLXP IURP ELRPDVV ZLWK ORZ FKORULQH FRQWHQW >@
7KHPHFKDQLVPUHYHDOVDW WKHS\URO\VLVVWDJH WKDW LQRUJDQLF
potassium is partly released into the gas phase in the form of 
.&O ZKLOH WKH UHVW RI WKH LQRUJDQLF SRWDVVLXP DQG RUJDQLF
SRWDVVLXPUHPDLQVLQWKHFKDUUHVLGXH&KDU.)ROORZLQJWKH













which is dependent on the partial pressure of water vapor in 





, and the remaining potassium 
VWD\LQWKHDVKLQDOXPLQRVLOLFDWHIRUP
Although a clear demarcation between devolatilization and 
char combustion is still challenge, it has been reported that the 
duration of devolatilization can be estimated by single particle 
H[SHULPHQWV >@ $FFRUGLQJO\ WKH UHODWLYH SURSRUWLRQ RI
potassium released at the devolatilization and char combustion 
VWDJHV FRXOG EH GHWHUPLQHG )LJXUH  VKRZV WKDW WKH IUDFWLRQ
RI SRWDVVLXP UHOHDVHG GXULQJ HDFK VWDJH YDULHV ZLWK VDPSOH
Notably, the major part of potassium of most woody biomass is 
released at the char combustion stage, however, the potassium 
of most herbaceous biomass is more stable and mainly remains 
LQWKHFRQGHQVHGSKDVHDVK
8VLQJDODEVFDOHFRPEXVWLRQVLPXODWRUIRUGLIIHUHQWW\SHVRI
biomass, the investigation of [20] found that potassium release 
LQ WKHJDVSKDVH LVVLJQL¿FDQWKRZHYHU WKHFRUUHODWLRQZLWK
its original concentration in biomass is not linear, and the 
SUHVHQFH RI RWKHU LQRUJDQLF VSHFLHV HJ VLOLFRQ DOXPLQXP
FDOFLXP DQG PDJQHVLXP KDYH SRWHQWLDO LPSDFW RQ WKH JDV
SKDVH UHOHDVHVRISRWDVVLXPDQGVRGLXP7KHDOXPLQXPDQG
silicon content in biomass act as a buffer [21], which makes 
WKH DONDOL PHWDOV VLJQL¿FDQWO\ OHVV YRODWLOH GXULQJ WKHUPDO
FRQYHUVLRQV ,QDGGLWLRQ WKHGHQVLW\ VKDSHDQGSDUWLFOH VL]H
RI ELRPDVV PD\ DOVR LQÀXHQFH VLJQL¿FDQWO\ WKH FRQWULEXWLRQ
of the inorganic releases during thermochemical conversions 
>@
Conclusion
7KH DONDOL PHWDOV LQ ELRPDVV H[LVW LQ RUJDQLF LQRUJDQLF DQG
PLQHUDO IRUPV $V WKH WHPSHUDWXUH LV LQFUHDVHG WKH RUJDQLF
DONDOL PHWDOV VWDUW WR UHOHDVH :KHQ WKH WHPSHUDWXUH LV KLJK
HQRXJKLQRUJDQLFDONDOLPHWDOVVWDUWWRUHOHDVH7KHDONDOLPHWDOV
UHOHDVHG LQ JDVHRXV SKDVH DUH PDLQO\ LQ IRUPV RI .2+ .&O
Figure 1Illustration of potassium release mechanisms (adapted from Fatehi et al. 2015)
Figure 2. Percentage of potassium released at two sub-stages of biomass combustion (Adapted from Mason et al. 2016)
Cao/Li/Lue/Zhang






UHDFWLRQV ZKLFK DUH LQÀXHQFHG E\ PDQ\ IDFWRUV WKH FRQWHQW
of other inorganic species; density, shape, and particle size of 
WKHELRPDVVIXHOWRDLUUDWLRKHDWLQJUDWHDQGWHPSHUDWXUHHWF
Future fundamental studies on the release kinetics of alkali 
PHWDOV DUH UHTXLUHG WR GHWHUPLQH WKH \LHOG RI UHOHDVHG DONDOL
PHWDOVWKHLUIRUPDQGWKHUHOHDVHUDWH7KHVHUHVXOWVZLOOKHOS
WR VLJQL¿FDQWO\ DGYDQFH DVK GHSRVLWLRQ PRGHOV DQG IXUQDFH
design, thus, promoting the future exploitation of biomass as a 
VXVWDLQDEOHUHVRXUFHIRUHQHUJ\SURGXFWLRQ
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